A phytotoxic compound, identified as 2-(2-acetyl-3,5-dihydroxyphenyl) acetic acid (curvulinic acid), was isolated from liquid cultures of the phytopathogenic fungus Nimbya alternantherae. The activity of curvulinic acid on seed germination and seedling growth of Capsella bursa-pastoris was evaluated. Percentage seed germination of C. bursa-pastoris was decreased with increasing concentrations of curvulinic acid. The compound had stronger inhibitory effects on root length than shoot length. At a concentration of 600 μg·mL -1 , curvulinic acid caused 73.5% and 66.7% growth inhibition on roots and shoots with IC 50 values of 204.7 and 281.1 μg·mL -1 , respectively. The finding of curvulinic acid in N. alternantherae and its herbicidal activity are reported here for the first time.
Biocontrol of weeds with plant pathogens has been studied extensively and some achievements have been made since the 1960s. Numerous plant pathogens have been studied and identified as potential agents for the management of weeds in various arable crops. Metabolites of microorganisms have the potential to provide novel structures which could be used as herbicides either directly or as leads in developing bio-rational and eco-friendly herbicides [1, 2] . Approximately 7000 naturally occurring secondary metabolites have been reported to exhibit various biological activities [3a] .
Nimbya alternantherae is a phytopathogenic fungus causing foliar and stem necrosis of the noxious amphibious weed Alternanthera philoxeroides [3b]. The fungus is widely distributed in the central part of Brazil, and has a potential for being developed as a biological control agent [3c] . In previous studies, conidial suspensions of N. alternantherae were inoculated onto healthy individuals of A. philoxeroides and caused severe symptoms, which could be observed in less than 24 h. Subsequently, it was postulated that one or more phytotoxic fungal metabolites must be produced to induce such rapid symptoms. In China, N. alternantherae and its phytotoxic effect on crops and weeds have been reported [4, 5] . In the present study, we isolated an herbicidal metabolite from N. alternatherae.
In view of the results found in this investigation, two fractions were isolated from the EtOAc extract directed by herbicidal bioactivity. Fraction 2 showed the highest biological activity ( Table 1 ). It was found to contain a single compound, which was isolated and identified from its spectroscopic data as 2-(2-acetyl-3, 5dihydroxyphenyl) acetic acid (curvulinic acid) [6a-6d] . By seed bioassay, the germination percentage of C. bursa-pastoris seeds decreased as the concentration of curvulinic acid increased, which was significant at the highest concentration (600 μg·mL -1 ), compared with the control. Also, curvulinic acid could inhibit the growth of root and shoot of C. bursa-pastoris. When the curvulinic aware, the present work is the first report of curvulinic acid from N. alternantherae. Also, according to the results, it could be inferred that curvulinic acid has the potential to be used to control some weeds as a lead compound. However, further study is required, such as determination of its mode of action and its safety to crops.
Experimental
Fungal material: The strain of Nimbya alternantherae used in this study was isolated from A. philoxeroides leaf spot collected in Weigang, Nanjing city in October 2006. Six mycelial plugs (6 mm in diameter) were inoculated into 250 mL Erlenmeyer flasks containing 150 mL potato sucrose broth (PS, pH7.0) and incubated in an orbital shaker at 25ºC (150 rpm, 7 days,). Cultures were filtered through sterilized gauze cloth and nylon voile.
Extraction and isolation:
The culture filtrate was extracted 5 times with EtOAc at room temperature. The solvent was removed under reduced pressure in a rotary evaporator at 40ºC and 8 g of EtOAc extract was obtained. This was loaded onto a silica gel column and eluted with different ratios (100:1,100:2,100:4,100:8,100:16,) of chloroform and methanol; 8 fractions were collected. These were concentrated in a rotary evaporator and submitted to herbicidal activity assays, as described below. The most active fraction (fraction 2, 1.99 g) was further fractionated on Sephadex LH-20, eluting with a mixture of chloroform: methanol (1:1). Fractions of 10 mL were collected and combined according to the homogeneity resulting from TLC analysis. The combined fraction was evaporated at room temperature, and compound 1 was obtained.
Herbicidal activity of compound 1:
Mature Capsella bursapastoris seeds were surface sterilized in 5% sodium hypochlorite for 1.5 min then washed 3 times with distilled water before use in experiments. The seed germination experiment was performed as described earlier [8c], with some modifications. Forty mg of compound 1 was dissolved in 1 mL of acetone and diluted with sterilized distilled water to obtain serial concentrations of 600, 400, 200, 100 and 50 μg·mL -1 . In every Petri dish, 5 mL of each dilution was added to filter paper discs (Whatman No.1, , and 40 weed seeds were placed on them. Every treatment was replicated 4 times. The concentration of acetone in the final stock solution was 1.5% (v/v). The 2 control treatments were an aqueous solution of acetone (1.5%, v/v) and sterilized distilled water. The Petri dishes were incubated in an incubator with a 12-12 h light-darkness schedule with 15°C in darkness and 18°C in light (light intensity of 12000 lux). Germinated seeds (a seed was considered to be germinated when its radicle extended 1-2 mm beyond the seed coat) were counted 7 days later, and the root and shoot lengths were measured. The percentages of germination and growth inhibition of roots and shoots were calculated as follows:
Percentage of root (shoot) length inhibition(%) root(shoot)length of control-root(shoot)length of treatment 100 root(shoot)length of control   The IC 50 (concentration that inhibits 50% growth) of compound 1 was calculated from a toxicity regression formula, as described by Yang et al. [8d] .
Data analysis:
Germination percentage, root and shoot length, and specific activity and percentages of remaining activity were subjected to one-way ANOVA (SPSS version 13.0, SPSS Inc., Chicago, IL) to assess all main effects. Significant differences between treatment means were identified by Tukey's test (P=0.05).
